We describe a patient with multiple congenital anomalies including deafness, lacrimal duct stenosis, strabismus, bilateral cervical sinuses, congenital cardiac defects, hypoplasia of the corpus callosum, and hypoplasia of the cerebellar vermis. Mutation analysis of EYA1, SIX1, and SIX5, genes that underlie otofaciocervical and/or branchio-oto-renal syndrome, was negative. Pathologic diagnosis of the excised cervical sinus tracts was revised on re-examination to heterotopic salivary gland tissue. Using high resolution chromosomal microarray analysis, we identified a novel 2.52 Mb deletion at 19p13.12, which was confirmed by fluorescent in situ hybridization and demonstrated to be a de novo mutation by testing of the parents. Overall, deletions of chromosome 19p13 are rare.
INTRODUCTION
The incidence of communicatively significant hearing loss is approximately 2-4 in 1,000 births [Joint Committee on Infant Hearing, 2000] . Data from infants with identified risk indicators for hearing impairment has suggested that 70% of hearing loss is nonsyndromic and 30% is syndromic [Bergstrom et al., 1971] . Both nonsyndromic and syndromic deafness are remarkably genetically heterogeneous [Brown et al., 2008] ; even the most common syndromes associated with sensorineural hearing loss such as Waardenburg syndrome comprise <3% of congenital deafness cases [Morell et al., 1997] . Deafness may also be associated with contiguous gene deletion syndromes [Rickard et al., 2001; BitnerGlindzicz, 2002] . Chromosomal microarray analysis (CMA) has allowed identification of the molecular genetic etiology in children with multiple congenital anomalies without unifying clinical diagnoses. We report on a child with multiple congenital anomalies who was found to have a deletion of chromosome 19p13.12 by CMA, confirmed by fluorescent in situ hybridization (FISH) .
CLINICAL REPORT Patient
The patient is a 10-year-old girl born at term following pregnancy complicated by reduced amniotic fluid. She was delivered by emergent cesarean for decreased fetal movement, with Apgar scores of 3 and 9 at 1 and 5 minutes, respectively. Her birth weight was 2.13 kg, below the first centile. She required supplemental oxygen for the first few days of life.
Craniofacial anomalies noted at ages 6 months-9 years ( Fig. 1A-D) include malar hypoplasia, tall forehead, marked occipital flattening, telecanthus, ptosis, down-slanting palpebral fissures, epicanthal folds, glabellar hemangioma, short nose with anteverted nares, long philtrum, flattened vermillion border, and mild micrognathia. The soft and hard palates had no clefting. She also has small, rounded, mildly low set auricles with pitting of the lobule bilaterally and mild stenosis of the external auditory canals.
The patient has a congenital right profound sensorineural hearing loss and a left mild-to-moderate sensorineural hearing loss. She underwent tympanostomy tube placement on two occasions for treatment of Eustachian tube dysfunction. She had an additional variable conductive component to her left hearing loss depending on the status of her middle ear. Temporal bone computed tomography scan at 6 years of age ( Fig. 2A,B) showed mild dysplasia of the semicircular canals, with a blunted and bulbous lateral semicircular canal on the right. She currently wears an overthe-ear hearing aid in the left ear, and is a candidate for a boneanchored hearing aid (BAHA) in the future.
Ocular anomalies included bilateral strabismus (for which she underwent bilateral inferior oblique myotomies), cupping of the optic discs bilaterally, and nasolacrimal duct obstruction. Oral anomalies noted subsequently included hypodontia (small, widely spaced teeth, with four missing teeth), and enamel defects of the molars.
The patient had several congenital cardiac anomalies, including small secundum atrial septal defect, small ventricular septal defect, and patent ductus arteriosus, all of which closed spontaneously by age 3 months. She also had supernumerary abdominal nipples bilaterally. Examination of the hands showed brachydactyly and terminal abbreviation of the digits with hypoplastic nails, particularly evident on the thumbs (Fig. 3) . Radiographs of the hands demonstrated reduction in size of all the distal phalanges (Fig. 4) .
She had bilateral cervical sinuses which were excised at age 6 due to chronic drainage. The left sinus tract was approximately 1.5 cm in length and appeared to terminate in the region of the thoracic duct, near the base of the internal jugular vein, in a course atypical of branchial cleft sinus tracts. The right cervical anomaly was little more than a skin dimple, and was excised with a small cuff of subcutaneous tissue. While the initial pathological interpretation was nonspecific, re-examination was consistent with heterotopic salivary gland tissue.
Magnetic resonance imaging of the brain during infancy demonstrated minor hypoplasia of the corpus callosum and cerebellar vermis, prominence of the cisterna magna and fourth ventricle, but normal sized lateral and third ventricles and no evidence of Dandy-Walker or Chiari malformation. She was also found to be developmentally delayed. IQ testing performed at age 5 showed a verbal IQ of 69, and full scale IQ of 63. At age 9 she was able to count to 10.
Onset of menarche occurred at age 9 years. She experienced heavy menstrual bleeding with one episode at age 10 years requiring transfusion for symptomatic anemia. Platelet aggregation and secretion studies demonstrated abnormal platelet secretion responses to all agonists, consistent with a storage pool disorder. Hematologic evaluation was otherwise negative, and no bleeding tendency had been noted at the time of surgical procedures.
Medical genetic evaluation included a normal karyotype, FISH 22q11 analysis, renal ultrasound, and skeletal survey. Both parents as well as an older brother are asymptomatic. 
METHODS

DNA Samples
The proposita and her parents were referred to the Baylor College of Medicine (BCM) cytogenetics laboratory for clinical array-comparative genomic hybridization (CGH) analysis. DNA samples were obtained with informed consents approved by the Institutional Review Board for Human Subject Research at BCM and the University of Michigan. DNA was extracted from whole blood using the Puregene DNA extraction kit (Gentra, Minneapolis, MN) according to the manufacturer's instructions.
Array-Based Comparative Genomic Hybridization
The CMA is a clinically available microarray containing 853 BAC and PAC clones designed to cover genomic regions of 75 known genomic disorders, all 41 subtelomeric regions, and 43 pericentromeric regions [Cheung et al., 2005] ; Chromosome Microarray Analysis, V.5, http://www.bcm.edu/geneticlabs/cma/tables.html. For each sample, two experiments were performed with reversal of the dye labels for the control and test samples, and the data from both dye-reversed hybridizations were integrated to determine inferences for each case. The fluorescent signals on the slides were scanned into image files using an Axon microarray scanner and ScanArray software (GenePix 4000B from Axon Instruments, Union City, CA). The quantization data were subjected to normalization as described [Lu et al., 2007] .
Fluorescent In Situ Hybridization (FISH) Analysis
FISH was performed on PHA-stimulated peripheral blood lymphocytes obtained from the proband and her parents using a standard protocol. FISH analysis used the clone RP11-56K21 to confirm the deletion observed by CMA.
Whole Genome Array Analysis on the Proposita and Both Parents
The whole Genome Oligo Microarray Kits 244K (Agilent Technologies, Inc., Santa Clara, CA) were used in both of the parents and proposita respectively, to further refine the identified genomic gains and losses. The procedures for DNA digestion, labeling, and hybridization were performed according to the manufacturer's instructions with some modifications [Probst et al., 2007] .
Mutation Screening of BOR Genes
All exons and flanking intronic sequences of EYA1, SIX1, and SIX5 were sequenced as previously described [Ruf et al., 2004; Hoskins et al., 2007] .
RESULTS
CMA revealed a loss in copy number in the proximal region of the short arm of chromosome 19 (19p13.12) , detected with one clone (RP11-56K21) as indicated in the red circle (Fig. 5A) . There is also a loss in copy number in the distal long arm of chromosome 3 at band 3q29 detected with one clone (RP11-496H1) as indicated by the black circle. This loss is considered a common polymorphism in the Baylor and Toronto data bases. Karyotype of G-banded chromosomes revealed an apparent cryptic deletion on the short arm of one chromosome 19 between bands p13.11 and p13.13 as indicated by the arrow (Fig. 5B) . The combined log ratio of À0.317 is significant by T statistics (P-value ¼ 0.004), as shown in Figure 5C , indicating a loss in copy number in this region. The deletion was further confirmed by FISH analysis (Fig. 5D ) and is considered de novo, as FISH analysis with the above clone showed no evidence of a deletion in either parent.
In order to more precisely characterize the deletion, the use of the whole genome 244K array (Agilent Technologies, Inc.) revealed a 2.52 Mb deletion on the short arm of chromosome 19 at band p13.12, from 13.93 to 16.36 Mb (Fig. 6A) . Neither parent carries the deletion (Fig. 6B) . A list of genes mapping to this interval is presented in Table I .
DISCUSSION
Isolated deletions of chromosome 19p13 are rare. Subtelomeric FISH analysis identified a deletion of 19p13.3-pter in a patient with cleft palate, hearing impairment, congenital heart malformation, keloid scarring, immunodeficiency, seizures, umbilical hernia, and learning disability [Archer et al., 2005] . Facial dysmorphisms included thick eyebrows, long face with hypoplastic maxillae, narrow nose with a short philtrum, thin upper lip and full lower lip, large low-set ears, and occipital patchy alopecia. Like our patient, hearing loss was mixed (sensorineural and conductive), and bilateral hearing aids were required. A patient with a 19p deletion identified by karyotype analysis was reported with dysmorphic facies, deafness and umbilical hernia [Hurgoiu and Suciu, 1984] .
Several nonsyndromic deafness loci overlap with the deletion found in our patient. In a consanguineous family with prelingual severe-to-profound deafness, linkage analysis identified two regions of significant linkage, a 32 cM region on 19p13.3-p13.1 and a 39 cM region on 3q21.3-q25.2, both with LOD scores of 2.78 [Chen et al., 1997] . This family was assigned the locus name DFNB15, and a family with dominant low to mid frequency sensorineural hearing loss was found to map to an overlapping locus, DFNA57 [Bonsch et al., 2008] . Neither the DFNB15 nor DFNA57 genes have yet been identified. Two additional loci for autosomal recessive nonsyndromic deafness, DFNB68 and DFNB72, have been mapped to chromosome 19p13 [Santos et al., 2006; Ain et al., 2007] . However, both of these loci are telomeric to our patient's deletion. Branchio-oculo-facial (BOF) syndrome is a very rare disorder characterized by the presence of variable craniofacial, ocular, cervical, auricular, dental, renal, and sometimes neurodevelopmental anomalies. These anomalies may include cervical and/or preauricular branchial cleft sinuses or skin lesions, low-set, posteriorly rotated, malformed auricles, conductive and/or sensorineural hearing loss, upper lip and palate malformations ranging from pseudocleft to complete cleft of lip and palate, ocular abnormalities including nasolacrimal duct obstruction and coloboma of the iris, oligodontia, and often some degree of developmental delay [Fujimoto et al., 1987; Lin et al., 1995] . While our patient shared some of these features, she has a normal palate and does not have the typical facial features of BOF; nor are cardiac malformations typical of BOF. The gene underlying BOF syndrome has recently been identified as TFAP2A, transcription factor AP-2 alpha [Milunsky et al., 2008] .
Branchio-oto-renal (BOR) syndrome (OMIM: 113650) and branchio-otic (BOS) syndrome (OMIM: 608389) are characterized by hearing loss, lacrimal duct stenosis, and branchial cleft fistulas, with or without renal anomalies. We analyzed the three known genes for BOR/BOS (EYA1, SIX5, and SIX1) without identifying mutations, and the patient's deletion does not involve any known BOR genes or loci. In addition, the cervical sinuses were diagnosed as heterotopic salivary gland tissue on pathologic re-examination, and the tracts did not follow a typical course of branchial cleft anomalies.
Otofaciocervical (OFC) syndrome (OMIM 166780) represents another potentially related syndrome, as it is characterized by similar facial features, branchial cleft fistulas, mild developmental delay, sensorineural hearing loss, and congenital heart defects. Two patients with OFC syndrome have been reported to have deletions involving EYA1 [Rickard et al., 2000; Estefania et al., 2006] .
Precisely defining the microdeletion boundaries provides positional candidate genes which can be assayed for point mutations in other patients with similar phenotypes, as has been shown for CHARGE [Vissers et al., 2004] and Usher syndromes [BitnerGlindzicz, 2002] . By describing the phenotype of a patient with an unusual deletion of chromosome 19p13, we hope that diagnosis and prognosis will improve for additional patients with this constellation of clinical findings. FIG. 6 . The loss on the chromosome 19 at band p13.12 is displayed from test/reference ratio data of this patient in a 244K microarray from Agilent Technologies, Inc. The Agilent aberration detection algorithm detects intervals of consistent high or low log ratios within an ordered set of probes by measuring a set of genomic locations and considering their genomic order to make amplification or deletion calls. A: $2.52 Mb loss at 19p13.12 is observed. B: High-resolution view of the deleted region of the patient as compared to her normal parents indicating this is a de novo event. 
